Abstract -By using a simple technique of UV laser irradiation at various regions along a chirped phase mask, the actual wavelengths in the region of 2/3 of the Bragg wavelength (i.e. -1030 nm) and the Bragg wavelength (-1535 nm) were investigated as a function of the phase mask periodicity.
I. INTRODUCTION
The existence of features (i.e. reflection peaks or transmission dips) in the region of 1030 nm in fibre Bragg grating (FBG) spectra, having a Bragg wavelength (uB) near 1550 nm, has been reported ( [1] , and references therein). Such features are not normally expected, as they are not a harmonic of the expected ApmI2 grating periodicity, where Apm is the phase mask periodicity, as indicated by the wellknown Bragg condition:
Am= neffA (1) m where A,, is the reflected wavelength of order m = 1, 2, 3,.
neff is the effective refractive index of the fibre core at , and A is the period of the FBG. It has been confirmed that features, occurring in the region of the 2/3 of the Bragg wavelength (Q213B) are due to the complex structure produced when a FBG is fabricated with the standard phase mask technique [2] . These structures have been observed using differential interference contrast imaging of FBGs [3] and in other imaging techniques [4] . Reflections in the region of 2/3 of AB have been reported previously [5] To achieve a suitable comparison, a method involving a chirped phase mask having a monotonically varying period, which generates a wide reflectance spectrum from a chirped FBG near 'B has been employed. A collimated UV laser beam irradiated the phase mask, which is translated along the one fibre in discrete steps to generate gratings at various phase mask periodicities (i.e. Bragg wavelengths).
II. METHODOLOGY
A schematic of the experimental setup for discrete irradiation of a chirped phase mask is illustrated in Fig. 1 . A collimated 80-mW UV laser beam (244-nm wavelength) confined within a 5-mm circular aperture was reflected by a plane mirror and directed perpendicularly though the chirped phase mask. The phase mask (manufactured by Ibsen) had a chirp rate, C, of 2 nm per cm with 1060-nm central pitch and was 40 mm long. Corning 1060 nm fibre, having a numerical aperture of 0.14 and a cutoff wavelength of 920 nm, was used to ensure that light propagation in the fibre core in the 1030 nm region would be single-mode. The fibre was located parallel to the phase mask. The mirror was adjusted by the high precision stage, which moved parallel to the phase mask. The fibre is essentially divided into several sections, labeled from A to G of length 2.5 mm. Initially section A, located at the centre of the phase mask (i.e. z = 0), was irradiated, then the beam was shut off and the mirror was translated to z = 2.5 mm to allow section B to be irradiated. This process was followed for subsequent sections. The average periodicity, A, of the FBG in each section increases with the irradiation position of the phase mask and is described by A(z) = AO + zC (2) where Ao is the periodicity at z = 0 (i.e. 1060 nm in section A). The process was monitored using an Er3+ broadband source and an optical spectrum analyser (OSA) having 0.05 nm resolution, with the achievement of equal reflectance determining the time for which each section was exposed (typically 8 min. The relatively weak transmission dips in section C may be due to the shorter exposure time (-2 min less) in order to maintain a flat reflectance spectrum at 'B ( Fig. 2(a) ). The smaller dips at a shorter wavelength than r213B may be due to energy loss into the fibre cladding due to internal reflection of light propagating along the core.
The reflection wavelengths in the region of '213B and XB against the average irradiation location, z, along the phase mask are plotted in Fig. 3 . The transmission wavelength at X2/3B (dotted line in Fig. 3 ), formed during translation from section A to G, results in the relation between '2/3B and z, described by ,213B(Z) = 0.1946 z + 2/{3B (0)
where '213B(O) iS '213B corresponding to the transmission dip at z = 0 (i.e. 1030.6 nm). The relation of the responses at 'B iS also shown in Fig. 3 . The increase is linear and follows 0B(Z) = 0.2806 z + 0B(O) (4) where 0B(O) iS 'B corresponding to the transmission dip at z = 0 (i.e. 1535.8 nm). Comparison of the slopes of equation (3) and (4), shows that the increase of 'B iS greater than that of 213B, as expected because of the longer wavelength and the wavelength dependence of the refractive index. )/'z=0) are plotted in Fig. 4 
